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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The presentinvention relates to a process for making biphenylene phosphites and bisphenylene phosphites,
and more particularly relates to a process for making biphenylene phosphites and bisphenylene phosphites wherein
solid product precipitation is formed without the need for invacuo solvent removal and residue recrystallization.

Description of the Related Art

[0002] Biphenylene phosphites and bisphenylene phosphites are generally known. Prior process for making such
phosphites have generally involved the reaction of bisphenyl or biphenyl with phosphorous trichloride in the presence
of a small amount of tri-n-alkylamine in an organic liquid medium (solvent) such as toluene. Following reaction, the
resultant suspension is then filtered to remove tri-n-alkylamine hydrochloride and the liquid medium is removed invacuo.
The residue is then recrystallized from an aliphatic solvent (heptane) to give fine white needles. An example of a typical
prior process is set out in Paul A. Odorisio et al. "12H-Dibenzo (d,g) (1,3,2) Dioxaphosphocins: Synthesis and Evidence
for Long-Range Coupling to Phosphorous" Phosphorus and Sulfur, 1983, Vol. 15, pp. 9-13. EP-A-0053098 discloses
a process for preparing alkanolamine esters of 1,1'-biphenyl-2,2'-diyl and alkylidene-1,1'-biphenyl-2,2'-diyl cyclic phos-
phites by reacting alkylated 1,1'-biphenyl-2,2'-diol or alkylated 2,2'-alkylidene bisphenol with phosphorus trichloride in
an organic solvent and then reacting the intermediate phosphoro-chlorodite with an alkanolamine. Such processes
undesirably require the multiple steps of filtration, vacuum removal of solvent and recrystallization of the bisphenyl/
biphenyl phosphite , product.

[0003] An improved process for making 3-9-diphosphaspiroundecanes was set out in Hobbs et al., U.S. Patent
5,137,950, issued August 11, 1992. The process involved reacting phosphorous trichloride with pentaerythritol and
then reacting the product therefrom with a second hydroxyl-substituted organic compound in the presence of a tri-n-
alkylamine in a molar amount equal to or greater than the molar amount of hydrogen chloride produced by the second
reaction, wherein the phosphite produced is a solid product and is substantially insoluble in the medium of the second
reaction. The reaction steps may be alternatively sequenced. The reference, however, neither shows nor suggests
how to produce 2,2' biphenyl phosphite or 2,2'-bisphenyl phosphites.

[0004] Accordingly, there is a desire to provide a process to produce 2,2'-biphenyl phosphites and/or 2,2'-bisphenyl
phosphite without the need to recrystallize the product.

SUMMARY OF THE INVENTION

[0005] The presentinvention involves a process for making 2,2' biphenyl phosphites and 2,2' bisphenyl phosphites.
The process involves reacting phosphorus trichloride with one of (a) a 2,2' biphenol or 2,2' bisphenol and (b) a second
hydroxyl-substituted organic compound, and second reacting the resultant reaction product from the other of (a) and
(b), the reaction being conducted in the presence of a tri-n-alkylamine wherein the tri-n-alkylamine is present in a molar
amount which is equal to or greater than the molar amount of hydrogen chloride produced by the second reaction, and
wherein the final product is a solid product and substantially insoluble in the medium of the second reaction. Preferably,
the tri-n-alkylamine is present at a level of at least 1.5 times the molar amount of hydrogen chloride produced by the
second reaction. Additionally, due to the aromatic nature of the biphenyl phosphite and the bisphenyl phosphites, it is
critical to the present invention that the amount of aromatic hydrocarbon medium present during the second reaction
be minimized.

Detailed Description of the Invention

[0006] The 2,2 bisphenyl phosphites made pursuant to the present invention, are preferably represented by the
general formula
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in which R1 is tertiary-butyl (t-butyl) or tertiaryamyl (t-amyl), R2 is an alkyl having 1 to 9 carbon atoms, R3 is hydrogen
or an alkyl having 1 to 4 carbon atoms, and R4 is an alkyl having 1 to 30 carbon atoms or is an alkylated aryl such as
2 alkyl phenyl, 4 alkyl phenyl, 2,4 dialkyl phenyl and 2,4,6 trialkyl phenyl having from 7 to 42 carbon atoms, wherein it
is preferred that the alkyl group of the alkylated aryl has from 1 to 8 carbon atoms and preferably is a t-butyl group.
[0007] Examples of suitable substituents, as the alkyl group with 1 to 9 carbon valency represented by R2, methyl,
ethyl, propyl, isopropyl, butyl, secondary butyl, tertiary butyl, isobutyl, amyl, tertiary amyl, hexyl, heptyl, octyl, isoctyl,
2-ethylhexyl, tertiary octyl, nonyl, tertiary nonyl and so forth. As the alkyl group with 1 to 4 carbon atomicity to be
represented by R3, we enumerate methyl, ethyl, propyl, isopropyl, butyl, secondary butyl, tertiary butyl, isobutyl; and
as the alkyl group with 1 to 30 carbon atomicity represented by R4: methyl, ethyl, propyl, isopropyl, butyl, secondary
butyl, tertiary butyl, isobutyl, amyl, tertiary amyl, hexyl, heptyl, octyl, isoctyl, 2-ethylhexyl, tertiary octyl, nonyl, tertiary
nonyl, decyl, isodecyl, dodecyl, tetradecyl, hexadecyl, octadecyl, eicosyl, docosyl, tetracosyl, tracontyl and so forth.
[0008] Most preferably, each R! and each R2 is a t-butyl group. Most preferably, R3 is a methyl group. The preferred
2,2 bisphenyl phosphite is as follows:

t_C4H9
O O t—C4H9

//
t'C4H9——@-— O_‘—P\ CHz‘CH3
|

\ N

t-C.H, 0 O £-CH,

t 'C4H9

[0009] Suitable bisphenols may be represented by the general formula as follows:
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wherein each R, R2 and R3 is as defined above.
[0010] Suitable second hydroxyl-substituted organic compounds are represented by the general formula as follows:

4

R -OH

wherein R4 is as defined above. In a preferred embodiment R4 is a neoaliphatic alcohol.
[0011] Suitable biphenyl phosphites are represented by the general formula as follows:

/O
R4-0-P\
0

wherein R, R2 and R4 are as defined above.
[0012] Suitable biphenyls for making the biphenyl phosphites are as follows:
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wherein R and R2 are as defined above.

[0013] The second hydroxyl-substituted organic compound suitable for making biphenyl phosphites may be the same
as defined above for the bisphenyl phosphites.

[0014] It is critical to the invention that the tri-n-alkylamine be one wherein each n-alkyl moiety has at least three
carbon atoms, such as n-propyl, n-butyl, n-pentyl and n-hexyl, and preferably less than 10 carbon atoms. N-butyl and
n-pentyl moieties are preferred, such as in tri-n-butyl amine, tri-n-pentyl amine and di-n-butyl-n-pentylamine. Tri-n-
butylamine is particularly preferred.

[0015] The reaction usually will be formed using one of two routes. One route involves reacting the phosphorous
trichloride with bisphenyl (or biphenyl) followed by reaction of this first product with the hydroxyl-substituted organic
compound in the presence of the tri-n-alkyl amine to form the desired bisphenyl (biphenyl) phosphite. Another route
involves reacting the phosphorous trichloride and the second hydroxyl-substituted organic compound, followed by
reacting the first product with the bisphenyl (bisphenyl) in the presence of the tri-n-alkylamine to form the desired
bisphenyl phosphite (biphenyl phosphite). The tri-n-alkylamine is to be present in an amount which is at least sufficient
to substantially neutralize the acid formed during the formation of the final phosphite product, and most preferably this
will be a molar amount of at least 1.5 times the molar amount of bisphenyl (biphenyl) reacted in the reaction process.
[0016] The tri-n-alkylamine is one having a hydrochloride salt which is substantially soluble in the reaction medium.
[0017] Consistent with the invention, the hydroxyl-substituted organic compound may be any of a variety of hydroxyl-
substituted organic compounds, including alkanols, phenols, and hydroxyl-substituted cycloalkanes, and hydroxyl-
substituted aralkyls, such as octadecanol, alkylated phenols, cyclohexanol and phenylethanol. The phenol preferably
is selected from the group consisting of 2,4,6-tri-alkyl phenols and 2,4-di-alkyl phenols, such as 2,4,6-tri-alkyl phenols
and 2,4-di-alkyl phenols, such as 2,4,6-tri-t-butyl phenol, 2,4-di-t-butyl phenol, 2,4,6-tri-t-pentylphenol, 2,6-di-t-butyl-
4-sec-butylphenol, 2,4-di-t-butylphenol, and 2-t-butyl-4-methylphenol. However, 2,4-di-t-alkyl phenols such as 2,4-di-
t-butylphenol, and 2,6-di-t-alkyl-4-alkyl phenols, such as 2,4,6-tri-t-butylphenol, 2,6-di-t-butyl-4-methyl phenol, 2,6-di-
t-butyl-4-ethyl phenol, 2,4-di-t-butylphenol, and 2,6-di-t-butyl-4-t-butyl phenol are preferred. The 2,4,6-tri-t-alkyl phe-
nols, 2,6-di-t-alkyl-4-n-alkyl phenols, 2,6-di-t-alkyl-4-n-alkyl phenols and 2,4-di-t-alkyl phenols are most preferred.
[0018] If the present process is involved with the first route set out above, then preferably phosphorous trichloride
utilized in the first reaction step is present in the molar ratio of between 1:1 and 3:1 relative to the bisphenyl (biphenyl)
molar amount. The product obtained therefrom (the first product) is preferably reacted with the second hydroxyl-sub-
stituted organic compound in a molar ratio of between 1 and 1.2:1.

[0019] If the second route set out above is utilized, then preferably the first reaction utilized the phosphorous trichlo-
ride in a molar ratio to the second hydroxyl-substituted organic compound of between 1:1 and 4.5:1. The first product
from this second route is then preferably reacted with the bisphenyl (biphenyl) in a molar ratio of between 1 and 1.1:1.
[0020] A critical feature of the present invention is to minimize the amount of organic liquid medium (solvent) utilized
in the reaction process. The amount of medium is less than 3:1 based on the total final weight of bisphenyl phosphite
(biphenyl phosphite) produced. The low level of organic medium facilitates precipitation of the phosphite product.
[0021] The phosphites made by the process of the present invention may be used in an effective amount in polymer
compositions for stabilization thereof. An amount of the phosphites of the invention is considered to be an "effective
amount" when the polymer composition containing the phosphites of the invention shows improved stability in any of
its physical or color properties in comparison to an analogous polymer composition which does not include a phosphite
of the invention. In most polymer compositions, however, it will be preferred that the phosphites be presentin an amount
equal to about 0.01 to about 2 parts by weight per 100 parts by weight resin (phr). Amounts of about 0.01 to about 1
phr are more preferred, although most compositions will contain about 0.025 phr or more. The polymer composition
may be thermoset in nature including unsaturated polyesters, phenolics, epoxie, urethanes, coating resins and
crosslinkable latexes.
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[0022] The polymer may also be any thermoplastic known in the art, such as polyesters, polyurethanes, polyalkylene
terephthalates, polysulfones, polyimides, polyphenylene ethers, styrenic polymers, polycarbonates, acrylic polymers,
polyamides, polyacetals, halide containing polymers and polyolefin homopolymers and copolymers. Mixtures of differ-
ent polymers, such as polyphenylene ether/styrenic resin blends, polyvinyl chloride/ABS or other impact modified pol-
ymers, such as methacrylonitrile and alphamethylstyrene containing ABS, and polyester/ABS or polycarbonate/ABS
and polyester plus some other impact modifier may also be used. Such polymers are available commercially or may
be made by means well known in the art. However, the phosphites of the invention are particularly useful in thermoplastic
polymers, such as polyolefins, polycarbonates, polyesters, polyphenylene ethers and styrenic polymers, due to the
extreme temperatures at which thermoplastic polymers are often processed and/or used. Recycled thermoplastics
may also be used.

[0023] Polymers of monoolefins and diolefins, for example polypropylene, polyisobutylene, polybutene-1, polymeth-
ylpentene-1, polyisoprene or polybutadiene, as well as polymers of cycloolefins,. for instance of cyclopentene or nor-
bornene, polyethylene (which optionally can be crosslinked), for example high density polyethylene (HDPE), low density
polyethylene (LDPE) and linear low density polyethylene (LLDPE) may be used. Mixtures of these polymers, for ex-
ample, mixtures of polypropylene with polyisobutylene, polypropylene with polyethylene (for example PP/HDPE, PP/
LDPE) and mixtures of different types of polyethylene (for example LDPE/HDPE), may also be used. Also useful are
copolymers of monoolefins and diolefines with each other or with other vinyl monomers, such as, for example, ethylene/
propylene, LLDPE and its mixtures with LDPE, propylene/butene-1, ethylene/hexene, ethylene/ethylpentene, ethylene/
heptene, ethylene/octene, propylene/ isobutylene, ethylene/butane-1, propylene/butadiene, isobutylene, isoprene, eth-
ylene/alkyl acrylates, ethylene/alkyl methacrylates, ethylene/vinyl acetate (EVA) or ethylene/acrylic acid copolymers
(EAA) and their salts (ionomers) and terpolymers of ethylene with propylene and a diene, such as hexadiene, dicy-
clopentadiene or ethylidene-norbornene; as well as mixtures of such copolymers and their mixtures with polymers
mentioned above, for example polypropylene/ethylene propylene-copolymers, LDPE/EVA, LDPE/EAA, LLDPE/EVA
and LLDPE/EAA.

[0024] Thermoplastic polymers may also include styrenic polymers, such as polystyrene, poly-(p-methylstyrene),
poly-(o-methylstyrene), copolymers of styrene or o-methylstyrene with dienes or acrylic derivatives, such as, for ex-
ample, styrene/butadiene, styrene/acrylonitrile, styrene/alkyl methacrylate, styrene/maleic anhydride, styrene/butadi-
ene/ethyl acrylate, styrene/acrylonitrile/methylacrylate, mixtures of high impact strength from styrene copolymers and
another polymer, such as, for example, from a polyacrylate, a diene polymer or an ethylene/propylene/diene terpolymer;
and block copolymers of styrene, such as, for example, styrene/butadiene/styrene, styrene/isoprene/styrene, styrene/
ethylene/butylene/styrene or styrene/ethylene/propylene styrene. Styrenic polymers may additionally or alternatively
include graft copolymers of styrene or alpha-methylstyrene such as, for example, styrene on polybutadiene, styrene
on polybutadiene-styrene or polybutadieneacrylonitrile; styrene and acrylonitrile (or methacrylonitrile) on polybutadiene
and copolymers thereof; styrene and maleic anhydride or maleimide on polybutadiene; sytrene, acrylonitrile and maleic
anhydride or maleimide on polybutadiene; styrene, acrylonitrile and methyl methacrylate on polybutadiene, styrene
and alkyl acrylates or methacrylates on polybutadiene, styrene and acrylonitrile on ethylene/-propylene/diene terpol-
ymers, styrene and acrylonitrile on polyacrylates or polymethacrylates, styrene and acrylonitrile on acrylate/butadiene
copolymers, as well as mixtures of with the styrenic copolymers indicated above.

[0025] Nitrile polymers are also useful. These include homopolymers and copolymers of acrylonitrile and its analogs,
such as polymethacrylonitrile, polyacrylonitrile, acrylonitrile/-butadiene polymers, acrylonitrile/alkyl acrylate polymers,
acrylonitrile/alkyl methacrylate/butadiene polymers, and various ABS compositions as referred to above in regard to
styrenics.

[0026] Polymers based on acrylic acids, such as acrylic acid, methacrylic acid, methyl methacrylic acid and ethacrylic
acid and esters thereof may also be used. Such polymers include polymethylmethacrylate, and ABS-type graft copol-
ymers wherein all or part of the acrylonitrile-type monomer has been replaced by an acrylic acid ester or an acrylic
acid amide. Polymers including other acrylic-type monomers, such as acrolein, methacrolein, acrylamide and meth-
acrylamide may also be used.

[0027] Halogen-containing polymers may also be useful. These include resins such as polychloroprene, epichloro-
hydrin homo-and copolymers, polyvinyl chloride, polyvinyl bromide, polyvinyl fluoride, polyvinylidene chloride, chlorin-
ated polyethylene, chlorinated polypropylene, florinated polyvinylidene, brominated polyethylene, chlorinated rubber,
vinyl chloride-vinylacetate copolymers, vinyl chloride-ethylene copolymer, vinyl chloride-propylene copolymer, vinyl
chloride-styrene copolymer, vinyl chloride-isobutylene copolymer, vinyl chloride-vinylidene chloride copolymer, vinyl
chloridestyrene-maleic anhydride tercopolymer, vinyl chloride-styrene-acrylonitrile copolymer, vinyl chloride-butadiene
copolymer, vinyl chloride isoprene copolymer, vinyl chloride-chlorinated propylene copolymer, vinyl chloride-vinylidene
chloride-vinyl acetate tercopolymer, vinyl chloride-acrylic acid ester copolymers, vinyl chloride-maleic acid ester co-
polymers, vinyl chloride-methacrylic acid ester copolymers, vinyl chloride-acrylonitrile copolymer and internally plati-
cized polyvinyl chloride.

[0028] Other useful thermoplastic polymers include homopolymers and copolymers of cyclic ethers, such as poly-
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alkylene glycols, polyethylene oxide, polypropylene oxide or copolymers thereof with bisglycidyl ethers; polyacetals,
such as polyoxymethylene and those polyoxymethylene which contain ethylene oxide as a comonomer; polyacetals
modified with thermoplastic polyurethanes, acrylates or methacrylonitrile containing ABS; polyphenylene oxides and
sulfides, and mixtures of polyphenylene oxides with polystyrene or polyamides; polycarbonates and polyester-carbon-
ates; polysulfones, polyethersulfones and polyetherketones; and polyesters which are derived from dicarboxylic acids
and diols and/or from hydroxycarboxylic acids or the corresponding lactones, such as polyethylene terephthalate,
polybutylene terephthalate, poly-1,4-dimethylol-cyclohexane terephthalate, poly-2(2,2,4(4-hydroxyphenyl)-propane)
terephthalate and polyhydroxybenzoates as well as block-copolyetheresters derived from polyethers having hydroxyl
end groups.

[0029] Polyamides and copolyamides which are derived from diamines and dicarboxylic acids and/or from aminoc-
arboxylic acids or the corresponding lactams, such as polyamide, 4,polyamide 6, polyamide 6/6, 6/10, 6/9, 6/12 and
4/6, polyamide 11, polyamide 12, aromatic polyamides obtained by condensation of m-xylene, diamine and adipic acid;
polyamides prepared from hexamethylene diamine and isophthalic or/and terephthalic acid and optionally an elastomer
as modifier, for example poly-2,4,4-trimethylhexamethylene terephthalamide or poly-m-phenylene isophthalamide may
be useful. Further copolymers of the aforementioned polyamides with polyolefins, olefin copolymers, ionomers or chem-
ically bonded or grafted elastomers; or with polyethers, such as for instance, with polyethylene glycol, polypropylene
glycol or polytetramethylene glycols and polyamides or copolyamides modified with EPDM or ABS may be used.
[0030] Polyolefin, polyalkylene terephthalate, polyphenylene ether and styrenic resins, and mixtures thereof are more
preferred, with polyethylene, polypropylene, polyethylene terephthalate, polyphenylene ether homopolymers and co-
polymers, polystyrene, high impact polystyrene, polycarbonates and ABS-type graft copolymers and mixtures thereof
being particularly preferred. Also included are biodegradable polymers such as polylactide and starch modified poly-
mers.

[0031] The resulting stabilized polymer compositions may optionally also contain various conventional additives,
such as the following:

1. Antioxidants

1.1 Alkylated monophenols, for example: 2,6-di-tertbutyl-4-methylphenol, 2-tert-butyl-4,6-dimethylphenol,
2,6-di-tert-butyl-4-ethylphenol, 2,6-di-tert-butyl-4-n-butylphenol, 2,6-di-tert-butyl-4-isobutylphenol, 2,6-dicy-
clopentyl-4-methylphenol, 2-(alpha-methylcyclohexyl)-4,6 dimethylphenol, 2,6-dioctadecyl-4-methylphenol,
2,4,6,-tricyclohexyphenol, 2,6-di-tert-butyl-4-methoxymethylphenol.

1.2 Alkylated hydroquinones, for example, 2,6-di-tert-butyl-4-methoxyphenol, 2.5-di-tert-butylhydroquinone,
2,5-di-tert-amyl-hydroquinone, 2,6-diphenyl-4octadecyloxyphenol.

1.3 Hydroxylated thiodiphenyl ethers, for example, 2,2'-thio-bis-(6-tert-butyl-4-methylphenol), 2,2'-thio-
bis-(4-octylphenol), 4,4'thio-bis-(6-tert-butyl-3-methylphenol), 4,4'-thio-bis-(6-tert-butyl-2-methylphenol).

1.4 Alkylidene-bisphenols, for example, 2,2'-methylene-bis-(6-tert-butyl-4-methylphenol), 2,2'-methylene-
bis-(6-tert-butyl-4-ethylphenol), 2,2'-methylene-bis-(4-methyl-6-(alphamethylcyclohexyl)phenol), 2,2'-methyl-
ene-bis-(4-methyl-6-cyclohexylphenol), 2,2'-methylene-bis-(6-nonyl-4-methylphenol), 2,2'-methylene-
bis-(6-nonyl-4-methylphenol), 2,2'-methylene-bis-(6-(alphamethylbenzyl)-4-nonylphenol), 2,2'-methylene-
bis-(6-(alpha,alpha-dimethylbenzyl)-4-nonyl-phenol). 2,2'-methylene-bis-(4,6-di-tert-butylphenol), 2,2'-ethyli-
dene-bis-(6-tert-butyl-4-isobutylphenol), 4.,4'-methylene-bis-(2,6-di-tert-butylphenol), 4,4'-methylene-
bis-(6-tert-butyl-2-methylphenol), 1,1-bis-(5-tert-butyl-4-hydroxy-2-methylphenol)butane. 2,6-di-(3-tert-butyl-
5-methyl-2-hydroxybenzyl)-4-methylphenol, 1,1,3-tris-(5-tert-butyl-4-hydroxy-2-methylphenyl)butane,
1,1-bis-(5-tert-butyl-4-hydroxy-2-methylphenyl)-3-dodecyl-mercaptobutane, ethyleneglycol-bis-(3,3,-bis-(3'-
tert-butyl-4'-hydroxyphenyl) -butyrate) -di- (3-tert-butyl-4-hydroxy-5-methylphenyl)-dicyclopentadiene,
di-(2-(3'-tert-butyl-2'hydroxy-5'methyl-benzyl)-6-tert-butyl-4-methylphenyl)terephthalate.

1.5 Benzyl compounds, for example, 1,3,5-tris-(3,5-di-tert-butyl-4-hydroxybenzyl)-2,4,6-trimethylbenzene,
bis-(3,5-di-tert-butyl-4-hydroxybenzyl)sulfide, isooctyl 3,5-di-tert-butyl-4-hydroxybenzyl-mercapto-acetate,
bis-(4-tert-butyl-3-hydroxy-2,6-dimethylbenzyl)dithiol-terephthalate. 1,3,5-tris-(3,5-di-tert-butyl-4-hydroxy-
benzyl)isocyanurate. 1,3,5-tris-(4-tert-butyl-3-hydroxy-2,6-dimethylbenzyl)isocyanurate, dioctadecyl 3,5-di-
tert-butyl-4-hydroxybenzylphosphonate, calcium salt of monoethyl 3,5-di-tert-butyl-4-hydroxybenzylphospho-
nate, 1,3,5-tris-(3,5-dicyclohexyl-4-hydroxybenzyl)isocyanurate.

1.6 Acylaminophenols, for example, 4-hydroxylauric acid anilide, 4-hydroxy-stearic acid amilide, 2,4-bis-oc-
tylmercapto-6-(3,5-tert-butyl-4-hydroxyanilino)-s-triazine, octyl-N-(3,5-di-tert-butyl-4-hydroxyphenyl)-car-
bamate.

1.7 Esters of beta-(3,5-di-tert-butyl-4-hydroxyphenol)-propionic acid with monohydric or polyhydric alcohols,
for example, methanol, diethyleneglycol, octadecanol, triethyleneglycol, 1,6-hexanediol, penta-erythritol, ne-
opentylglycol, tris-hydroxyethyl isocyanurate, thiodiethyleneglycol, di-hydroxyethyl oxalic acid diamide.
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1.8 Esters of beta-(5-tert-butyl-4-hydroxy-3-methylphenyl)-propionic acid with monohydric or polyhydric alco-
hols, for example, methanol, diethyleneglycol, octadecanol, triethyleneglycol, 1,6-hexanediol, pentaerythritol,
neopentylglycol, tris-hydroxyethyl isocyanurate, thidiethyleneglycol, dihydroxyethyl oxalic acid diamide.

1.9 Esters of beta-(5-tert-butyl-4-hydroxy-3-methylphenyl) propionic acid with mono-or polyhydric alcohols, e.
g., with methanol, diethylene glycol, octadecanol, triethylene glycol, 1,6-hexanediol, pentaerythritol, neopentyl
glycol, tris(hydroxyethyl) isocyanurate, thiodiethylene glycol, N,N-bis(hydroxyethyl) oxalic acid diamide.

1.10 Amides of beta-(3,5-di-tert-butyl-4-hydroxyphenol)-propionic acid for example, N,N'-di-(3,5-di-tert-butyl-
4-hydroxyphenylpropionyl)-hexamethylen-diamine,  N,N'-di-(3,5-di-tert-butyl-4-hydroxyphenylpropionyl)tri-
methylenediamine, N,N'-di-(3,5-di-tert-butyl-4-hydroxyphenylpropionyl)-hydrazine.

2. UV absorbers and light stabilizers.

2.1 2-(2-hydroxyphenyl)-benzotriazoles, for example, the 5'methyl-,3'5'-di-tert-butyl-,5'-tert-butyl-,5'
(1,1,3,3-tetramethylbutyl)-,5-chloro-3',5'-di-tert-butyl-,5-chloro-3'tert-butyl-5'methyl-,3'sec-butyl-5'tert-butyl-,
4'-octoxy,3',5'-ditert-amyl-3',5'-bis-(alpha, alpha-dimethylbenzyl)-derivatives.

2.2 2-Hydroxy-benzophenones, for example, the 4-hydroxy-4-methoxy-,4-octoxy,4-decyloxy-,4-dodecyloxy-,
4-benzyloxy,4,2',4'-trihydroxy-and 2'hydroxy-4,4'-dimethoxy derivative.

2.3 Esters of substituted and unsubstituted benzoic acids for example, phenyl salicylate, 4-tert-butylphenyl-
salicilate, octylphenyl salicylate, dibenzoylresorcinol, bis-(4-tert-butylbenzoyl)-resorcinol, benzoylresorcinol,
2,4-di-tert-butyl-phenyl-3,5-di-tert-butyl-4-hydroxybenzoate and hexadecyl-3,5-di-tert-butyl-4-hydroxyben-
zoate.

2.4 Acrylates, for example, alpha-cyano-beta, beta-diphenylacrylic acid-ethyl ester or isooctyl ester, alpha-
carbomethoxy-cinnamic acid methyl ester, alpha-cyano-beta-methyl-p-methoxy-cinnamic acid methyl ester or
butyl ester, alpha-carbomethoxy-p-methoxy-cinnamic acid methyl ester, N-(betacarbomethoxy-beta-cyano-
vinyl)-2-methyl-indoline.

2.5 Nickel compounds, for example, nickel complexes of 2,2'-thio-bis(4-(1,1,1,3-tetramethylbutyl)-phenol),
such as the 1:1 or 1:2 complex, optionally with additional ligands such as n-butylamine, triethanolamine or N-
cyclohexyldiethanolamine, nickel dibutyldithiocarbamate, nickel salts of 4-hydroxy-3,5-di-tert-butylbenzyl-
phosphonic acid monoalkyl esters, such as of the methyl, ethyl, or butyl ester, nickel complexes of ketoximes
such as of 2-hydroxy-4-methyl-penyl undecyl ketoxime, nickel complexes of 1-phenyl-4-lauroyl-5-hydroxy-
pyrazole, optionally with additional ligands.

2.6 Sterically hindered amines, for example bis(2,2,6,6-tetramethylpiperidyl)-sebacate, bis-(1,2,2,6,6-pentam-
ethylpiperidyl)-sebacate, n-butyl-3,5-di-tert-butyl-4-hydroxybenzyl malonic acid bis(1,2,2,6,6,-pentamethyl-
piperidyl)ester, condensation product of 1-hydroxyethyl-2,2,6,6-tetramethyl-4-hydroxy-piperidine and succinic
acid, condensation product of N,N'-(2,2,6,6-tetramethylpiperidyl)-hexamethylendiamine and 4-tert-octylami-
no-2,6-dichloro-1,3,5-s-triazine, tris-(2,2,6,6-tetramethylpiperidyl)-nitrilotriacetate, tetrakis-(2,2,6,6-tetrame-
thyl-4-piperidyl)-1,2,3,4-butane-tetra-carbonic acid, 1,1" (1,2-ethanediyl)-bis-(3,3,5,5-tetramethylpiperazi-
none). Such amines include hydroxylamines derived from hindered amines, such as di(1-hydroxy-2,2,6,6-te-
tramethylpiperidin-4-yl)sebacate: 1-hydroxy 2,2,6,6-tetramethyl-4-benzoxypiperidine; 1-hydroxy-2,2,6,6-te-
tramethyl-4-(3,5-di-tert-butyl-4-hydroxy hydrocinnamoyloxy)-piperdine; and N-(1-hydroxy-2,2,6,6-tetrameth-
ylpiperidin-4-yl)-epsiloncaprolactam.

2.7 Oxalic acid diamides, for examples, 4,4'-dioctyloxy-oxanilide, 2,2'-di-octyloxy-5',5'-di-tert-butyloxanilide,
2,2'-di-dodecyloxy-5',5'di-tert-butyl-oxanilide, 2-ethoxy-2'-ethyl-oxanilide, N,N'-bis(3-dimethylaminopropyl)-
oxalamide, 2-ethoxy-5-tert-butyl-2'-ethyloxanilide and its mixture with 2-ethoxy-2'ethyl-5,4-di-tert-butyloxani-
lide and mixtures of ortho-and para-methoxy-as well as of o-and p-ethoxy-disubstituted oxanilides.

3. Metal deactivators, for example, N,N'-diphenyloxalic acid diamide, N-salicylal-N'-salicyloylhydrazine, N,N'-bis-
salicyloylhydrazine, N,N'-bis-(3,5-di-tert-butyl-4-hydrophenylpropionyl)-hydrazine, salicyloylamino-1,2,4-triazole,
bis-benzyliden-oxalic acid dihydrazide.

4. Phosphites and phosphonites, for example, triphenyl phosphite, diphenylalkyl phosphites, phenyldialkyl phos-
phites, tris(nonylphenyl)phosphite, trilauryl phosphite, trioctadecyl phosphite, distearyl pentaerythritol diphosphite,
tris(2,4-di-tert-butylphenyl)phosphite, diisodecyl pentaerythritol diphosphite, bis(2,4-di-tert-butylphenyl)pentaer-
ythritol diphosphite tristearyl sorbitol triphosphite, and tetrakis(2,4-di-tert-butylphenyl)4,4'-biphenylene diphos-
phonite.

5. Peroxide scavengers, for example, esters of betathiodipropionic acid, for example the lauryl, stearyl, myristyl
or tridecyl esters, mercaptobenzimidazole or the zinc salt of 2-mercaptobenzimidazole, zinc-dibutyldithiocaramate,
dioctadecyldisulfide, pentaerythritoltetrakis-(betadodecylmercapto)-propionate.

6. Polyamide stabilizers, for example copper salts in combination with iodides and/or phosphorus compounds and
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salts of divalent manganese.

7. Basic co-stabilizers, for example, melamine, polyvinylpyrrolidone, dicyandiamide, triallyl cyanurate, urea deriv-
atives, hydrazine derivatives, amines, polyamides, polyurethanes, alkali metal salts and alkaline earth metal salts
of higher fatty acids, for example, Ca stearate, calcium stearoyl lactate, calcium lactate, Zn stearate, Mg stearate,
Na ricinoleate and K palmitate, antimony pyrocatecholate or zinc pyrocatecholate.

8. Nucleating agents, for example, salts of benzoic acid, 4-tert butylbenzoic acid, adipic acid, diphenylacetic acid.
9. Fillers and reinforcing agents, for example, calcium carbonate, silicates, glass fibers, asbestos, talc, kaolin,
mica, barium sulfate, metal oxides and hydroxides, carbon black and graphite.

10. The present invention may also be used in conjunction with aminoxy propanoate derivatives such asmethyl-
3-(N,N-dibenzylaminoxy)propanoate;ethyl-3-(N,N-dibenzylaminoxy)propanonoate; 1,6-hexamethylene-bis(3-N,
N-dibenzylaminoxy)proponoate); methyl-(2-(methyl)-3(N,N-dibenzylaminoxy)propanoate) ; octadecyl-3-(N,N-
dibenzylaminoxy)propanoic acid; tetrakis (N,N-dibenzylaminoxy)ethyl carbonyl oxymethy)methane; octadecyl-
3-(N,N-diethylaminoxy)-propanoate; 3-(N,N-dibenzylaminoxy)propanoic acid potassium salt; and 1,6-hexameth-
ylene bis(3-(N-allyl-N-dodecyl aminoxy)propanoate).

11. Other additives, for example, plasticizers, lubricants, emulsifiers, pigments, optical brighteners, flameproofing
agents, anti-static agents, blowing agents and thiosynergists such as dilaurythiodipropionate or distearylthiodipro-
pionate.

[0032] Polymeric particles may be coated with the present phosphites alone or in combination with other stabilizers
for stabilization of the polymeric material. Particles may be spherical in shape and may be made by processes such
as "Reactor Granule Technology" as disclosed in P. Galli and J.C. Halock, The Reactor Granule - A Unique Technology
for the Production of a New Generation of Polymer Blends, Society of Plastics Engineers, Polyolefin IIl International
Conference February 24-27, 1991 and as disclosed in Pedrazzeth et al. U.S. 4708979 entitled Process for the Stabi-
lization of Spherically Polymerized Polyolefins issued November 24, 1987 both of which are disclosed herein by ref-
erence. Particle formation may be achieved by supported Ziegler-Natta Catalyst systems. Suitable commercial proc-
esses are known by the trademarks: Spheripol, Addipol and Spherilene.

[0033] Olefin polymers may be produced by polymerization of olefins in the presence of Ziegler-Natta catalysts op-
tionally on supports such as but not limited to Mg Cl,, chromium salts and complexes thereof, optionally supported on
Silica or other materials. They may also be produced utilizing catalysts based on cyclopentadiene complexes of metals
typically complexes of Ti or Zr.

[0034] The phosphites of the invention may be added to the polymer at any time prior to or during fabrication into
articles and may be combined with the polymer by any of a variety of means known in the art, such as by preblending
or by being fed directly into fabrication equipment.

[0035] The polypropylene compositions may include residual catalyst such as Ziegler catalysts which may be carried
on a support (i.e. TiCl; on MgCl,). Other stabilizers may also be incorporated in the compositions.

[0036] The liquid organic medium used for the present process is an aromatic organic compound, preferably selected
from the group consisting of toluene and chlorobenzene. Due to the aromatic nature of the phosphite, and the aromatic
nature of the liquid medium, it is critical in the process of the present invention to minimize the amount of liquid medium
present in order to maximize the precipitation of the final product.
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EXAMPLE

HO-CH, CH,

\ \/
/ / \

O) 0 CH,4 CH,

(CH,(CH,)4)3-N

88.15 gm/mole
0.136 moles
12.0 0 gms/used

503.108 gm/mole
0.135 moles
67.91 gm/used

185.86 gm/mole
0.506 moles
83.72 gms/used

Xylenes ----- >
Oy cH,
P - OCH,—C - CH;, +

e |

(O)—0 CH,

(CH,; (CH,),) N - HCl

554.80 gm/mole
0.135
74.88 gms theory

221.82 gm/mole
0.135 moles
29.94 gms theory

[0037] Into a 1 liter 3-necked flask was weighed 67.91 grams of 2,2'ethylidine bis (4,6-di-t-butyl-phenyl) chlorophos-
phite. 93.71 grams of tri-n-butylamine was added. The reaction flask was equipped with a stir shaft and paddle, a
thermometer and condenser. The mixture was immediately placed under a nitrogen blanket. The mixture was heated
to 75°C in an attempt to dissolve the chlorophosphite. The solids did not totally dissolve. 25.0 grams of xylene was
added to the mixture and the mixture was almost totally dissolved. 12.00 grams of neopentyl alcohol was melted and
added to the reaction mixture. The materials in the flask immediately turned white and solidified. An additional 70 mol
of tri-n-butylamine was added to slurry the mixture. The mixture was stirred until a homogenous slurry was obtained.
The mixture was heated to 102°C and the heating mantle was removed. The mixture was allowed to cool to 35°C.
[0038] 300 ml of of isopropyl alcohol was added to the reaction mixture and stirred for 20 minutes. The white solids
were isolated by filtration through a 600 micron fitted disc filtering funnel. The white solids were sucked to dryness on
the filter. The solids were returned to the reaction flask and reslurried in 300 mol of isopropy! alcohol, stirred for 10
minutes and isolated by filtration. The white solids were sucked to dryness on the filter by use of a rubber dam. The
white solids were reslurried a third time in isopropyl alcohol and isolated by filtration. The material was sucked to
dryness by use of a rubber dam then dried under a 133 Pa (1 torr) vacuum at room temperature for a period of 30
minutes. The vacuum was broken and the material placed under nitrogen.

[0039] The white solids were dried on the rotary flask evaporator to 88°C at 1 torr. The white solids were analyzed
by liquid chromatography.

[0040] A melt point was obtained on the material. The white solid melted at 258-259°C.

[0041] An acid number determination was performed using the methylene chloride procedure. The acid value is
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0.197 mg KOH/grams of sample 62.81 grams of material was obtained using this technique. This results in a yield of
83.88%.

Claims

1. Aprocess for making a phosphite compound, said phosphite compound being a biphenylene phosphite compound
or a bisphenylene phosphite compound, said process comprising:

(a) reacting phosphorus trichloride with a first hydroxyl-substituted compound selected from one of either:

(a)(i) a hydroxyl-substituted compound selected from 2,2'-bisphenol compounds and 2,2'-biphenol com-
pounds, or

(a)(ii) a hydroxyl-substituted compound selected from phenol, alkanols, hydroxyl-substituted cycloalkanes
and hydroxyl-substituted aralkyl compounds to form a reaction intermediate;

(b) reacting the reaction intermediate with a second hydroxyl-substituted compound that is selected from the
other of (a)(i)(a)(ii) and selected in step (a) to form the phosphite compound, wherein the reaction of step (b)
produces hydrogen chloride, the reaction of step (b) is conducted in an amount of an aromatic hydrocarbon
medium that is less than 3:1 based on the total final weight of the amount of phosphite compound produced
in the reaction of step (b), the reaction of step (b) is conducted in the presence of a molar amount of a tri n-
alkyl amine, each of the n-alkyl moieties of the amine having a least three carbon atoms per moiety, that is
equal to or greater than the molar amount of hydrogen chloride that is produced during the reaction of step
(b), said tri-n-alkylamine having a hydrochloride salt that is substantially soluble in said aromatic hydrocarbon
medium, and the phosphite compound is insoluble in the aromatic hydrocarbon medium;

(c) isolating the phosphite compound from the aromatic hydrocarbon medium; and

(d) purifying the phosphite compound without recrystallizing the phosphite compound.

2. The process of Claim 1 wherein said aromatic diphenol is a bisphenol represented by the general formula

HO

‘o

HC-R3

HO

e

wherein R and R2 are each t-butyl groups, and R3 is an alkyl group having from 1 to 4 carbon atoms.
3. The process of Claim 2 wherein said second hydroxyl-substituted organic compound is a 2,4 di-t-butylphenol.
4. The process of Claim 2 where the hydroxyl substituted organic compound is an aliphatic alcohol.
5. The process of Claim 2 where the second hydroxyl substituted organic compound is a neo aliphatic alcohol.

6. The process of Claim 2 where the second hydroxy substituted organic compound is an aliphatic alcohol having
from 4 to 18 carbon atoms.

11
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Patentanspriiche

1. Verfahren zum Herstellen einer Phosphit-Verbindung, die eine Biphenylenphosphit-Verbindung oder eine Bisphe-
nylenphosphit-Verbindung ist, wobei das Verfahren umfasst:

(a) Umsetzen von Phosphortrichlorid mit einer ersten hydroxyl-substituierten Verbindung ausgewahit aus einer
von:

(a)(i) einer hydroxyl-substituierten Verbindung, ausgewahlt aus 2,2'-Bisphenol-Verbindungen und 2,2'-
Biphenol-Verbindungen oder

(a)(ii) einer hydroxyl-substituierten Verbindung, ausgewahlt aus Phenol, Alkanolen, hydroxyl-substituier-
ten Cycloalkanen und hydroxyl-substituierten Aralkyl-Verbindungen zur Bildung eines Reaktions-Zwi-
schenproduktes,

(b) Umsetzen des Reaktions-Zwischenproduktes mit einer zweiten hydroxyl-substituierten Verbindung, die
aus der anderen von (a)(i) und (a)(ii) ausgewahlt ist, die in Stufe (a) ausgewahlt wurde, zur Bildung der Phos-
phit-Verbindung, worin die Reaktion der Stufe (b) Chlorwasserstoff erzeugt, die Reaktion der Stufe (b) in einer
Menge eines aromatischen Kohlenwasserstoffmediums ausgefiihrt wird, die geringer ist als 3:1, bezogen auf
das gesamte Endgewicht der Menge der Phosphit-Verbindung, die in der Reaktion der Stufe (b) erzeugt wird,
die Reaktion der Stufe (b) in Gegenwart einer molaren Menge eines Tri-n-alkylamins ausgefihrt wird, wobei
jede der n-Alkylgruppierungen des Amins mindestens 3 Kohlenstoffatome pro Gruppierung aufweist, die gleich
oder grof3er als die molare Menge des wahrend der Reaktion der Stufe (b) produzierten Chlorwasserstoffes
ist, wobei das Tri-n-alkylamin ein Chlorwasserstoffsalz hat, das in dem aromatischen Kohlenwasserstoffme-
dium im Wesentlichen 18slich ist, und die Phosphit-Verbindung in dem aromatischen Kohlenwasserstoffmedi-
um unloslich ist,

(c) Isolieren der Phosphit-Verbindung aus dem aromatischen Kohlenwasserstoffmedium und

(d) Reinigen der Phosphit-Verbindung ohne Umkristallisieren der Phosphit-Verbindung.

2. Verfahren nach Anspruch 1, worin das aromatische Diphenol ein Bisphenol der allgemeinen Formel ist

R1

HO R2
HC—R3

HO R2
Rr1

worin R und R2 jeweils t-Butylgruppen sind und R3 eine Alkylgruppe mit 1 bis 4 Kohlenstoffatomen ist.

3. Verfahren nach Anspruch 2, worin die zweite hydroxyl-substituierte organische Verbindung ein 2,4-Di-t-butylphenol

ist.

4. \Verfahren nach Anspruch 2, worin die hydroxyl-substituierte organische Verbindung ein aliphatischer Alkohol ist.

5. Verfahren nach Anspruch 2, worin die zweite hydroxyl-substituierte organische Verbindung ein aliphatischer Neo-
alkohol ist.

6. Verfahren nach Anspruch 2, worin die zweite hydroxyl-substituierte organische Verbindung ein aliphatischer Al-
kohol mit 4 bis 18 Kohlenstoffatomen ist.

12
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Revendications

1. Procédé de préparation d'un composé de type phosphite qui est un phosphite de biphényléne ou un phosphite de
bisphényléne, lequel procédé comporte :

a) le fait de faire réagir du trichlorure de phosphore sur un premier composé hydroxy-substitué, qui appartient
a I'un ou l'autre des types suivants :

a-1) un composé hydroxy-substitué choisi parmi les 2,2'-bis-phénols et les 2,2'-biphénols, ou
a-2) un composé hydroxy-substitué choisi parmi le phénol, les alcanols, les cycloalcanes hydroxy-subs-
titués et les aryl-alcanes hydroxy-substitués,

pour obtenir un intermédiaire réactionnel ;

b) le fait de faire réagir cet intermédiaire réactionnel avec un second composé hydroxy-substitué, qui appartient
a l'autre type, (a-1) ou (a-2), que celui du composeé choisi pour I'étape (a), pour obtenir le phosphite voulu,
cette étape de réaction (b), qui produit du chlorure d'hydrogéne, étant effectuée dans un milieu constitué par
un hydrocarbure aromatique employé en une quantité représentant moins du triple du poids total final du
phosphite produit dans cette étape de réaction (b), laquelle étape (b) est aussi effectuée en présence d'une
tri-n-alkylamine dont chacun des groupes n-alkyle comporte au moins trois atomes de carbone et que I'on
emploie en un nombre de moles supérieur ou égal au nombre de moles de chlorure d'hydrogéne produites
au cours de cette étape (b), cette tri-n-alkylamine formant un chlorhydrate qui se dissout bien dans I'hydro-
carbure aromatique servant de milieu réactionnel, tandis que le phosphite ne s'y dissout pas ;

c) le fait d'isoler le phosphite en le séparant de I'hydrocarbure aromatique employé comme milieu réactionnel ;
d) et le fait de purifier ce phosphite sans le recristalliser.

2. Procédé conforme a la revendication 1, dans lequel ledit diphénol aromatique est un bisphénol représenté par la
formule générale :

HO

o

EC-R?

HO

dans laquelle

R' et R2 représentent chacun un groupe tertiobutyle,
et R3 représente un groupe alkyle comportant de 1 & 4 atomes de carbone.

3. Procédé conforme a la revendication 2, dans lequel ledit second composé organique hydroxy-substitué est un
2,4-di-tertiobutylphénol.

4. Procédé conforme a la revendication 2, dans lequel le composé organique hydroxy-substitué est un alcool alipha-
tique.

5. Procédé conforme a la revendication 2, dans lequel le second composé organique hydroxy-substitué est un alcool
aliphatique de type néo.
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6. Procédé conforme a la revendication 2, dans lequel le second composé organique hydroxy-substitué est un alcool
aliphatique dont la molécule comporte de 4 a 18 atomes de carbone.

14
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